INTRODUCTION
In 2000, the UK government set up a new national road safety strategy and outcome-based road safety targets in terms of reductions by 2010. This includes the reduction of number of people killed or seriously injured (KSI) by 40%, the reduction of number of children KSI by 50%, and the reduction of number slightly injured per unit of vehicle distance by 10% in relation to the 1994-1998 average. In addition, London's Road Safety Plan was created by Transport for London (TfL) in 2001, and this extended the national targets to specifically cover the number of pedestrians, pedal cyclists and powered two-wheeler riders who are KSI in London by 2010.
In order to achieve the national and London targets, considerable developments need to be made across all aspects of the road system such as: (a) roads, which are generally the responsibility of the government but could also be the responsibility of other parties e.g. land developers, (b) vehicles, which are both the manufacturer's responsibility and the responsibility of the individual/organisation who owns it and (c) users, who are generally responsible for themselves and who may be travelling for various reasons such as personal choice or out of necessity due to work.
This study will concentrate upon selected users of the road system -male car drivers of the age 17 to 25 inclusive (henceforth termed "young male drivers") -as this group is over-represented in accidents (Moller, 2004 , Clarke et al., 2005 . According to the STATS19 (the UK traffic accident reporting system), 54,516 accidents occurred on Great Britain's roads in 2003 that resulted in at least one individual being KSI. Of these, 6,291 (12%) involved young male drivers. In 2003, young male drivers held only 7% of all driving licences and were therefore overrepresented in KSI accidents. Mathijssen (2005) finds that young males have a relatively high accident risk compared to the rest of the population e.g. whilst forming less than 5% of the Dutch population, males aged 18-24 formed nearly 25% of all alcohol intoxicated drivers who were involved in serious injury crashes. Vaez and Laflamme (2005) examine the socio-economic differences (age, gender, class of origin and educational attainment) of Swedish youth (aged 16-30) involved in accidents. They find that there are significant risks among males, persons aged 18-19, those from households classified as "workers" and "others" (e.g. long term unemployed and those on sick leave) as opposed to "salaried employees" or "self-employed", and those with low educational attainment. Ward et al. (2005) find that young male drivers aged 17-20 are up to seven times more likely to die in night-time road accidents than older motorists and up to 17 times more likely to be involved in a fatal accident between the hours of 0200 and 0500, while female drivers in the same age group are two to three times more likely to be killed than older women, regardless of the time of day. One of the most revealing points to arise from this study is how many young males like to test themselves and their cars to the limit and then joke about it afterwards when things go wrong; little concept of risk is apparent, yet the data in the study indicates that the risk is high for this group. Ulleberg (2002) , however, concludes that not all young drivers should be treated in the same way with respect to road safety policy. The study identifies six subtypes of young drivers (aged 18-23), identifying two as "high risk" groups in traffic. The first consists of mostly men, characterised by low levels of altruism and anxiety and high levels of sensation seeking, irresponsibility and driving related aggression; the second reported high sensation seeking, aggression, anxiety and driving anger.
Progress towards the national 2010 casualty reduction targets has been analysed in various studies. Broughton and Buckle (2005) found that before 1994, fatality and KSI rates tended to fall in parallel, but since then the fatality rate has fallen more slowly than the KSI rate. This rise in the severity proportion between 1994 and 2003 has risen faster for car occupants than for other road user groups. Broughton and Buckle (2005) go on to state that declining driving standards may have contributed to the increased severity proportion for car occupants, indicating factors such as loss of control, careless/thoughtless/reckless behaviour and aggressive driving. However, the analysis by age cohorts was not conducted for car occupants.
A number of studies used ordered probit models to examine the likelihood of various severity levels sustained under different accident scenarios (e.g. O'Donnell and Connor, 1996; Duncan et al., 1998, Kockelman and Kweon, 2002; and Quddus et al., 2002) . It is therefore the purpose of this study to take the lines of research reviewed above further by examining a large subset of British accident data (between 1991 and 2003) and identifying what types of characteristics increase the likelihood of various accident severity levels for accidents involving a specific age group using ordered probit models. This study is the first of its kind to incorporate accident data for the whole of Great Britain and could aid future research associated with young male drivers by identifying different courses of action aimed at reducing the likelihood of accidents that lead to fatalities, serious injuries and slight injuries. Therefore, the primary objectives of this study are: (i) to examine the factors that affect the injury severity of accidents involving young male drivers using ordered probit models, in both London and Great Britain as a whole and to investigate any differences, (ii) to draw conclusions by way of making recommendations to aid London and Great Britain as a whole to improve their records on young male drivers by using appropriate road safety measures. Note that this study will consider both those young male drivers who are themselves killed or injured and those accidents involving young male drivers who kill or injure others.
The rest of the paper is organised as follows. A brief discussion on the sources of data and the statistical models used to achieve the study objectives are described in the next section. This is followed by the presentation of the results obtained from the models for both London and Great Britain as a whole. This section also describes some key characteristics most likely to lead injuries from accidents involving young male drivers. The paper ends with a conclusion and avenues for further research.
DATA SOURCES AND STATISTICAL MODELS
STATS19 National Road Accident data for Great Britain was obtained for the period 1991 to 2003.
For every accident reported, data are recorded on the accident, the casualties and the vehicles involved. A large subset of accidents involving young male drivers was extracted from this dataset and used in the analysis. The variable of interest (i.e. dependent variable) is the severity of injury due to an accident involving a young male driver. This is categorised fatal, serious or slight and accounts for 2%, 15% and 83% of all accidents nationally and 1%, 15%, 84% in London, respectively over the period 1991 to 2003. The STATS19 data suggests that the proportion of accidents that involve young male drivers has fallen over the period 1991 to 2003 for both Great Britain as a whole and for London only.
Every observation contained within the dataset represents one accident that involves a young male driver. With the severity of injury caused by the accident, details on factors (independent variables) such as the road, the driver and the environment are also available. Of the 49 independent variables available in the dataset, 21 were hypothesised to have a potential relationship with severity level (includes an additional variable referring to location for the Great Britain dataset only). These variables have been coded for analysis; the coding system is presented in Table 1 .
Table 1 is about here
An ordered probit model is used to examine factors that affect the probability of sustaining one of three injury severities for all accidents involving young male drivers (i.e. the model assumes that an accident has occurred). This model is briefly presented below.
Consider the case where the dependent variable Y takes the value 1, 2 or 3. Then the unobserved index function Y* is defined as:
where Y* is a latent and continuous measure of injury severity faced by an individual involved in an accident, X is a vector of explanatory variables describing the driver, vehicle, and accident, β is a vector of parameters to be estimated, and ε is a random error term (assumed to follow a standard normal distribution). Assume:
where k1 and k2 are thresholds to be estimated, and k1 < k2. This assumes that if the risk of injury is high then it is reasonable to expect that this will actually be translated into a high level of observed injury. The parameters of the ordered probit model, k1, k2 and β, will be measured via maximum likelihood.
Injury severity probabilities for accidents involving young male drivers are also predicted using the estimated ordered probit models as suggested by O' Donnell and Connor (1996) , Duncan et al. (1998), and Quddus et al. (2002) .
MODEL ESTIMATION RESULTS
The parameters of the ordered probit models for Great Britain as a whole and London only were estimated by the method of maximum likelihood. indicates that something that has changed over the study period has lead to a downward trend in injury severity. Therefore, it is suggested that, ceteris paribus, some other unmeasured factor is influencing the relative severity of accidents involving young male drivers. From Table 3 , a fatality is 45% less likely in 2003 in Great Britain than it was in the reference case (1991) and 38% less likely in London (see Table 4 ), serious injuries are 26%/22% less likely than in the reference case, whilst slight injuries are 9%/5% more likely than in the reference case. As the model is intended to capture factors that affect the severity of injuries, the changes in probabilities shown in the time trend are assumed to be caused by some other exogenous factors. Noland and Quddus (2003) analysed the impact of improvements in medical treatment and technology and found that medical technology improvements are associated with reductions in traffic-related fatalities over time. This therefore could be one source of the time trend effect shown.
When considering time of day effects, it can be seen that more severe injuries occur earlier in the morning, with less severe injuries during the day. Overall, accidents occurring between 0000-0659 are 23%/20% more likely to result in a fatality than the reference case , whilst all other time periods are less likely to result in a fatal accident than the reference case. A reason for this could be that alcohol use is likely to be most prevalent at this time of day. The model includes a variable, breath test, indicating a proxy measure for alcohol consumption. The reference case for this variable is "others" representing the cases where the driver either did not request for the breath test or was not present at the scene of the accident. The results of the model for this variable do not confirm the hypothesis that a positive breath test leads to a higher probability of a fatal accident; in fact the results show that both the positive and negative tests (compared with the "others" category) are associated with high injury severity. The differential coefficient for the negative breath test is higher than that of the positive breath test indicating that the negative breath test is more likely to be connected to a fatal accident. However, as the young male driver may not be the person that the breath test is related to, it is not possible to ascertain the full effects of young male drivers' alcohol consumption on injury severity probabilities via this variable. In addition to this, the variables day of the week and time of the day might capture some of the effects of alcohol consumption.
Table 3 is about here
Looking at day of the week effects, it can be seen that relative to the reference case (Monday) less severe accidents are predicted on Tuesdays and Wednesdays (and Thursdays in London), but more severe accidents are predicted on Thursdays (excluding in London), Fridays, Saturdays and Sundays, e.g. a fatality is 14%/19% more likely on a Saturday. This is logical as young people tend to go out more towards the end of the week, especially the weekend, and again this result is assumed to have some connection to alcohol consumption at this time. The high result for Sunday is assumed to be caused by the large amount of young males still out in the early hours of Sunday morning driving home after a Saturday evening. A possible policy recommendation from this finding is that a curfew needs to be imposed on young male drivers to prevent them driving between the hours of 0000-0659 on Fridays to Sundays. This would entail enforcement issues, would be viewed as a very strict rule and could be discriminatory if only applied to males.
The variable light conditions allows us to consider the effect of the level of light. Tables 3 and 4 show that more severe injuries are predicted during darkness, with fatalities 30%/23% more likely and serious injuries 13%/11% more likely than in the reference case (daylight). This result concurs with the results of various studies, including Ward et al. (2005) and . Reasons for this result may include higher levels of tiredness and alcohol consumption and the associated slower reactions and reduced hazard awareness, but also factors such as the different set of people that use the road at night and their reasons for doing so e.g. driving for social purposes and driving for pleasure, both of which younger drivers do more than other groups of drivers (Ward et al., 2005) . show that January and May (and April and August for Great Britain as a whole) tend to be the months where the more severe accidents will occur. Although the changing of the clocks is sometimes argued to have an effect on road safety, this is unlikely to be causing the effect here as the clocks move forward one hour at the end of March, potentially making it darker in the morning and lighter in the evening, and move backward one hour at the end of October, potentially making it lighter in the morning and darker in the evening. Therefore, according to the results shown above for variable month of the year, the month of April may be expected to have more severe injuries in the darker mornings and the month of November to have more severe injuries in the darker evenings. This however is not supported by the results.
Weather conditions also have an effect on the predicted severity of injury; however the effect is very different for Great Britain as a whole and for London only. For Great Britain as a whole, the weather condition most likely to lead to the most severe injuries is fine no high winds, whereas in London it is fine weather with high winds. Overall, for Great Britain any weather condition different from fine no high winds is generally predicted to increase the likelihood of slight injuries and reduce the likelihood of serious and fatal injuries. In London however, the pattern is generally reversed. It is possible then that the less frequent occurrence of weather of types other than fine no high winds means that individuals in London are less experienced at driving in them and hence are more likely to be involved in serious accidents when they do occur.
The condition of the road surface also has an effect on predicted injury severity. Compared to the reference case (dry), oil or diesel (and wet or damp in London) is predicted to lead to more severe injuries, with oil or diesel resulting in an 8%/91% higher likelihood of a fatality. It appears that perhaps more obvious hazards such as snow, frost or ice, floods or mud cause the driver to make compensatory measures, such as slowing down, whereas factors such as oil or diesel (which may only be an isolated spill so that the driver has no warning of it) or water (where if it has been raining, the driver becomes accustomed to the rain and forgets that the surface will be affected) may not cause the driver to compensate. This is also supported by the fact that any road condition other than the reference case (dry) is generally likely to increase the likelihood of slight injuries and decrease the likelihood of serious or fatal injuries.
The variable skidding or overturning shows that if a volatile movement occurs, then a more severe injury is predicted, i.e. a fatality is 17%/80% more likely than in the reference case (no volatile movement). This is logical and is linked to the variable damage. The results of this variable for London show that if damage to the vehicle is caused then a more severe injury is predicted, i.e. a fatality is 5% more likely than in the reference case (no damage). The results for Great Britain show the reverse, which is surprising. Also, the variable hit object off carriageway shows that hitting an object off the carriageway increases the chance of a fatality by 32%/83% compared to the reference case (hit nothing).
The results of the variable carriageway hazard show that compared to the reference case (no carriageway hazards) a previous accident on the road is predicted to lead to more severe injuries, with a fatality 50%/48% more likely. This concurs with the results of various studies that show that "rubbernecking", whereby drivers passing a previous accident slow down to watch, is a real problem. Objects on the road and animals on the road are predicted to lead to less severe injuries, possibly because it causes the driver to slow down and increase his concentration.
The variable speed limit shows some interesting results. The highest speed limit, 70mph, does not lead to the most severe accidents; however, this may be because 70mph is only the speed limit on motorways and dual carriageways. The variable road category shows that motorways are relatively safe, whilst the variable road type shows that a dual carriageway is safer than a single carriagewaythis is discussed further below. The speed limit associated with the most severe injuries is 60mph
(which legally applies to single carriageways), where a fatality is 81%/62% more likely than in the reference case (≤30mph).
The results associated with the variable road category show that for Great Britain, A roads are predicted to lead to the most severe injuries, whereas in London B roads and C roads are predicted to lead to more severe injuries. For both Great Britain and London, A(M) roads, motorways and unclassified roads are predicted to lead to less severe injuries. The difference in relative safety of road type between Great Britain and London may be due to the higher volumes of traffic on London A roads and the associated slower speeds relative to A roads in Great Britain as a whole.
The results show that for the variable vehicle manoeuvre overtaking (and being parked in London)
is the manoeuvre that is predicted to lead to more severe injuries. Overall, overtaking is associated with a 24%/15% higher likelihood of a fatality than the reference case (going ahead), suggesting that young male drivers are relatively poor at ascertaining safe overtaking distances and speeds of oncoming traffic.
The variables vehicle location on the road, road type and junction detail, all suggest that junctions are not major causes of more severe injuries. For variable vehicle location on the road, being on the main road is the scenario most likely to lead to a fatality, as opposed to leaving the main road, entering the main road or being on a minor road. For variable road type, the results show that being on a single carriageway is most likely to lead to a fatality rather than roundabouts, one-way streets or dual carriageways. For variable junction detail, not being at a junction or within 20m of one is associated with the most severe injuries.
For Great Britain as a whole, towing something like a caravan or trailer is predicted to lead to more severe injuries (a fatality is 8% more likely than the reference case (no tow or articulation)) whereas in London it is not (fatality is 11% less likely). This discrepancy could be due to the fact that only a very small minority of young male drivers actually tow anything and articulation is not an option as the data only includes car drivers. Again, the results could be related to the level of traffic on the roads; in London, where towing is less likely to result in a fatality, traffic flows are relatively higher and so speeds will also tend to be lower.
The variable driver age suggests that for young male drivers in Great Britain, it is those in the age group 20-22 that are most likely to be involved in accidents resulting in more severe injuries and for
London it is the age groups 17-19 and 20-22, e.g. those aged 20-22 are 1%/8% more likely to be involved in a fatal accident than the reference case (23-25). This finding is consistent with the finding of .
Finally, the variable regions shows, for the Great Britain dataset only, the effect of accident location on severity level. Accidents occurring in Scotland and the West Midlands are predicted to be associated with more severe injuries, e.g. an accident is 34% more likely to be fatal if it occurs in Scotland than if it occurs in the reference case (London).
Reasons suggested for the over-representation of young male drivers in accidents, as presented in the introduction section, include the higher likelihood of driving whilst under the influence of alcohol and the overall more risk taking and less law abiding nature of young males e.g. speeding.
Factors such as over-confidence, peer pressure, desire to show off, and higher likelihood of driving at night and with multiple passengers are also considered possible causes of the over-representation of young male drivers in car accidents. Whilst not all of these factors are captured by the STATS19 dataset, it has been possible to summarise the following from the ordered probit modelling for Great
Britain as a whole and for London only. The key characteristics predicted to increase the probability of fatal, serious and slight injuries are shown in Table 5 . According to Golias and Karlaftis (2002) young male drivers tend to fall into the category of "risk takers". Then, as maintained by Ulleberg (2002), if young male drivers' involvement in accidents is to be reduced, it is necessary to force those young males that do not already drive safely to do so because they do not respond well to measures designed to encourage safer driving e.g. safety campaigns. This is an idea corroborated by Tay (2005) , who found that enforcement and publicity campaigns produce different results.
It should be noted that the results obtained in this study only refer to the user component of the basic road system, specifically young male drivers; the other two components -roads and vehiclesmust also be considered when formulating and implementing road safety policy. Based on these findings, a number of policies were recommended to reduce the severity of accidents involving young male drivers.
CONCLUSIONS
STATS19 data has formed the basis of this study. Whilst the STATS19 form does capture a lot of useful information, it does not capture other factors that would be very useful in understanding the nature of accidents involving young male drivers e.g. number of passengers, mobile phone usage, whether the driver was speeding and years of driving experience. Since 2005, however, police officers completing STATS19 forms have also been required to note the accident's "precipitating factor" (a choice of 1 out of 15 critical failures or manoeuvres that led to the accident) and its "contributory factors" (a choice of up to 4 out of 54 factors that contributed to the critical failure or manoeuvre). For each, the factors must be categorised as "definite", "probable" or "possible". This type of data will add another dimension to road safety research, especially once data has been collected for a range of years.
It would be interesting to compare the results of this study with similar modelling for young female drivers, or with the driving population as a whole. It would also be interesting to factor into this analysis some measure of traffic flow on the roads on which the accidents occur. This may help explain the reason for some of the different results obtained for the Great Britain and London only datasets via the speed-flow relationship. If unclassified road = 1, otherwise = 0 Road type roundabout If roundabout = 1, otherwise = 0 one way street If one way street = 1, otherwise = 0 dual carriageway If dual carriageway = 1, otherwise = 0 single carriageway* I f s i n gle carriageway = 1, otherwise = 0 Speed limit =30* If speed limit is =30 = 1, otherwise = 0 40
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In fine weather with high winds On a road with speed limit of 60mph, most likely a single carriageway and/or A road On a road with speed limit of 60mph, most likely a single carriageway and/or B road Towards the end of the week (Friday-Sunday), particularly on a Saturday (includes early morning Saturday after a Friday night)
Towards the end of the week (Friday-Sunday), particularly on a Saturday (includes early morning Saturday after a Friday night) On a main road, not at a junction, overtaking On a main road, not at a junction, either parked or overtaking When vehicle has skidded, the car has hit an object off the carriageway, but damage has not been caused When vehicle has skidded, the car has hit an object off the carriageway and damage has been caused Passing the site of a previous accident Passing the site of a previous accident
Slight injuries
Great Britain London only Between 1000-1859
Between 1000-1859 In daylight
In daylight In rain but no high winds
In fog or mist On a road with speed limit of 30mph or less, most likely at a roundabout and/or A(M) road
On a road with a speed limit of 30mph or less, most likely at a roundabout and/or A(M) road Towards the beginning of the week (Monday-Thursday)
Towards the beginning of the week (Monday-Thursday) Entering a main road, at a roundabout, waiting to move Entering a main road, at a roundabout, waiting to move When vehicle has not skidded, the car has not hit an object off the carriageway, but damage has been caused When the vehicle has not skidded, the car has not hit an object off the carriageway and no damage has been caused When there is an animal in the carriageway When there is an animal in the carriageway
